ABSTRACT
and Ribeiro et al.(2015) (11, 12) studied the effects of rumen 89 fermentation on cows with high-forage and high-concentrate diets, with the results
90
indicating that total VFA and NH 3 -N were not affected. When concentrates in the diet 91 increased, the acetate and butyrate were significantly reduced, but the propionate 92 significantly increased.
93
Although much work has been done to investigate the effects of F:C in the diet of 94 dairy animals on metabolism, most of the studies focused on the metabolism of 95 nutrients or the production of volatile acids, which does not provide a systematic 96 change, i.e., from cellulose fermentation to end-product VFAs and the variation of the 97 microbial population during fermentation. The ruminal microbial ecosystem is an 98 effective model for degrading fiber; therefore, it is important to understand how 99 ecosystems develop and operate when shifting the diet of the host. Therefore, we 100 combine metabolism and metagenomics to explore the changes from cellulose to end 101 product VFAs and the changes of cellulose in rumen. At the same time, we also 102 quantified major functional bacterial species using quantitative PCR to assess the role 103 of these organisms in adapting to different diets (HC and HF).
104
However, we studied how rumen bacteria change and adapt to different rumen 105 environments in different diets. Therefore, it is of practical significance to study the 106 competition between fibrinolytic bacteria (the result of competition and its internal 107 mechanism).
108

2、MATERIALS and METHODS
109
Experimental Design, Animals and Sample Collection
110
Twelve ruminally cannulated, lactating Holstein cows averaging 3.2 ± 0.70 (mean ± 111 SE) years of age (range = 0.9 years) were used in this experiment. Cows were placed 112 in individual tie stalls in a temperature-controlled room. Six animals (lactating cow) 113 were fed a F:C ratio of 7:3, and the other six animals (dry cow) were fed a F:C ratio of 114 3:7. Diet composition and nutrients were shown in Supplement Tab. 1. Animals were 115 fed once daily at 8:00 h and allowed ad libitum consumption at 110% of the expected 116 intake for four weeks before being sampled.
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Sample Collection and Measurements
123
Rumen content samples were collected 4 h after feeding via a ruminal fistula.
124
Representative rumen content samples were collected from each animal, and the solid 125 from the liquid through four layers of cheesecloth were sampled. One part of each 126 homogenized pellet was mixed with RNAlater (Ambion, Texas, USA), a reagent that 127 protects and stabilizes cellular RNA. One part of each homogenized pellet with 128 freshly prepared metaphosphoric acid (25% w/v; 1 mL) was added to 5 mL of filtered 129 rumen fluid and vortexed, which was used to measured volatile fatty acids (VFAs).
130
All samples were placed in liquid nitrogen within five min and were then taken to the 131 laboratory and stored at -80˚C until further testing.
132
For the determination of VFAs, samples with metaphosphoric acid were thawed at 133 room temperature and then centrifuged (12,000 g for 15 min at 4˚C). The supernatant 134 was used to measure the VFAs. The VFA concentrations were determined by a 135 capillary column gas chromatograph (13, 14) .
136
For the enzyme activity assay, frozen pellets were thawed at room temperature. After 137 being centrifuged at 3000g for 10 min (4˚C), 10~15 ml of supernatant was taken for 138 sonication (power 400W, crushed 3 times, 30S each time, 30S interval), and the 139 crushed liquid was the sample to be tested. The assayed CMCase, β-glucosidase, and 140 xylanase activity measured used the 3,5-dinitrosalicylic acid method (15, 16).
141
The glucose, cellobiose and xylose content in the samples were determined with 142 high-performance liquid chromatography (HPLC, Waters 600, USA) using the 143 Aminex HPX-87H column (Bio-Rad, America) and a refractive index detector 144 (Waters 2414, USA) with 0.005 M H 2 SO 4 as the mobile phase, a column temperature 145 of 60°C, and a velocity of 1.0 mL min −1 , as assessed by a refractive index detector.
146
The cellulose, hemicellulose, lignin, neutral detergent fiber (NDF) and acid detergent 147 fiber (ADF) content were analyzed using the Ankom A200 fiber analyzer (Ankom Co.,Ltd (Shanghai, China).
173
The number of rumen microorganisms is expressed as a percentage relative to the 174 total rumen 16Sr DNA: target bacteria (% total bacterial 16Sr DNA) = 2 -(Ct target bacteria -
175
Ct total bacteria) × 100%, where target is the specific microbial group of interest. were significantly higher than in the HC group, but in the rumen content, there was no 211 difference between two groups. In the rumen content, the HC group has a higher (P < 212 0.05) content of cellobiose ( Fig.2A) and glucose ( Fig.2B ) compared to the HF group.
Deep Sequencing and KEGG Analysis
213
The higher content of cellobiose and glucose indicate that the releasing rates of these 214 sugars were faster from the HC group than from the HF group. This phenomenon is 215 consistent with the β-glucosidase (Fig.2D) , and the β-glucosidase activity in the HC 216 group was higher than the HF group. The fiber digestibility of HC group was shown 217 to be higher than of HF group, because the content of cellulose in the HC group was 218 lower, and the content of the cellobiose decomposed by cellulose and glucose
219
decomposed by cellobiose were higher than the HF group. Moreover, the 220 carboxymethyl cellulose (CMCase) (Fig.2C ) and β-glucosidase activity in the HC 221 group were higher than in the HF group. The content of xylan and xylose were higher 222 in HF group but not significantly so (Fig.3A,3B ). The β-xylosidase in the HC group 223 was significantly higher than in the HF group (Fig.3C) 
Genes directly involved in butyrate 284
The genes encoding the butyrate formation pathway were analyzed for their 285 abundance in the HC and HF groups (Fig.6) In the present study, we investigated the fermentation parameters, Our findings show 
328
In the rumen content, the HC group has a higher content of cellobiose and glucose 329 compared to the HF group. Cellobiose generates glucose by β-glucosidase, Chen(2012)
330
(28) showed that β-glucosidase is a key factor in the conversion of cellobiose to 331 glucose and enhancing the efficiency of cellulolytic enzymes for glucose production.
332
In this study, the cellulose digestibility of HC group was shown to be higher than for
333
HF group may be due to the content of cellulose in the HC group was lower and the 334 content of the cellobiose decomposed by cellulose and glucose decomposed by 335 cellobiose were higher than the HF group.
336
Xylan is the main component of hemicellulose; therefore, the degradation of 337 hemicellulose was studied with xylan changes. In our research, the β-xylosidase in the than that in the HC group, and coincident with that, the lactate content was also higher 453 in the HF group, However, the HC group should contain more sugar, and the relative 454 content of Megasphaera elsdenii was higher, which may be related to our sampling 455 time and the interaction between microorganisms, which requires further research.
456
5、CONCLUSION
457
In conclusion, this study combined metagenomics and metabolism to explore the 
